Intracellular Assembly of Nuclear-Targeted Gold Nanosphere Enables Selective Plasmonic Photothermal Therapy of Cancer by Shifting Their Absorption Wavelength toward Near-Infrared Region.
Despite the important applications of near-infrared (NIR) absorbing nanomaterials in plasmonic photothermal therapy (PPT), their high yield synthesis and nonspecific heating during the active- and passive-targeted cancer therapeutic strategies remain challenging. In the present work, we systematically demonstrate that in situ aggregation of typical non-NIR absorbing plasmonic nanoparticles at the nuclear region of the cells could translate them into an effective NIR photoabsorber in plasmonic photothermal therapy of cancer due to a significant shift of the plasmonic absorption band to the NIR region. We evaluated the potential of nuclear-targeted AuNSs as photoabsorber at various stages of endocytosis by virtue of their inherent in situ assembling capabilities at the nuclear region of the cells, which has been considered as one of the most thermolabile structures within the cells, to selectively destruct cancer cells with minimal damage to healthy cells. Various plasmonic nanoparticles such as rods and cubes have been exploited to elucidate the role of plasmonic field coupling in assembled nanoparticles and their subsequent killing efficiency. The NIR absorbing capabilities of aggregated AuNSs have been further demonstrated both experimentally and theoretically using discrete dipolar approximation (DDA) techniques, which was in concordance with the observed results in plasmonic photothermal therapeutic studies. While the current work was able to demonstrate the utility of non-NIR absorbing plasmonic nanoparticles as a potential alternative for plasmonic photothermal therapy by inducing localized plasmonic heating at the nuclear region of the cells, these findings could potentially open up new possibilities in developing more efficient nanoparticles for efficient cancer treatment modalities.